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Utilization of Data from Human Population
Studies for Setting Air Quality Standards:
Evaluation of Important Issues
by Michael David Lebowitz*

Epidemiological studies of community populations are highly relevant to the process of
setting national ambient air quality primary standards, as criteria for those standards
are the protection of human populations against adverse effects on health. Nevertheless,
because of the difficulties of performing adequate community population studies of a
quality commensurate with the needs of standard setting, the use of data derived from
studies is problematic. This paper addresses the important issues of appropriate expo-
sure assessment and health assessment, and discusses the problems of multiplex varia-
bles and colinearity as they are critical in assessments of exposure-effect relationships. It
is concluded that a major problem in the use of data from such studies for standard
setting is not necessarily one of scientific reliability or validity, but arises from the
attempt of translating adequate science into policy decisions.

A major stumbling block in the acceptance of
data from human population studies for deter-
mining scientifically reasonable air quality stan-
dards is that conducting very good studies of this
type is very difficult. Publications by Holland et
al. (1) are representative of the doubts, disagree-
ments and confusion associated with such studies.
Furthermore, the question has become so politi-
cized that Congressional committee reports, such
as the Brown Committee report on the EPA Com-
munity (CHESS) studies (2) have major impacts
on how one views the data from such studies.
Nevertheless, the task of clarifying how such
studies can be used is important and worth pursu-
ing, as these data are the most pertinent for
setting standards based on adverse effects on
health in human populations.

Several attempts have been made to establish
criteria by which epidemiological studies can be
evaluated (3-5), and several major reviews have
tried to face the issue of what criteria to use and
how to select adequate and appropriate studies
(6-15). One federal interagency group has tried to
publish guidelines for use injudging epidemiolog-
ical studies (16), but this has met with disagree-
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ment and opposition in the epidemiological com-
munity. What are the problems of such studies
that have led to this potential impasse and how
does one resolve these problems? These discus-
sions represent the plan of this paper.

Basically, there are three methodological prob-
lems: those related to the measures of exposure,
the measures of effect, and the use of covariables
and confounding variables. These are all impor-
tant in the attempt to obtain estimates of expo-
sure-response relationships. These problems will
differ in geographical (spatial), temporal, and
temporal-spatial studies. They will differ in stud-
ies of episodic and nonepisodic acute effects and
chronic effects. They will differ in retrospective
(that is, outcome-to-exposure) and prospective
(that is exposure-to-outcome) studies.
There is substantial agreement as to problems

related to exposure measurements and their accu-
racy and relevance for individuals studied. Expo-
sure to pollutants may not be sufficient or accu-
rate in population studies. It is even possible that
the correct pollutants are not even being mea-
sured. The number of studies needed to investi-
gate interactions between pollutants increases
rapidly with the number of pollutants of concern.
Personal exposure variables and meteorological
concisions may cause a given subject to experi-
ence pollution levels very different from those
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measured at a nearby fixed monitoring station.
These problems are greater in long-term studies
because the nature and quality of aerometric data
are variable over time and because individuals
change job and residences and thus their expo-
sures, over time (2).
There is less agreement on health end points.

Many health variables in epidemiological studies
are qualitative or "soft" answers to question-
naires. Responses may be biased by the way in
which questions are asked, as well as the setting.
For example, an air pollution alert may increase
positive responses to a direct question. The quan-
titative measurements, such as pulmonary func-
tion, may be affected by other conditions at the
time of testing, and by the presence of acute
disease (17). Quantitative results are likely to be
questioned by some as unimportant outcomes,
especially in acute studies. This may occur in
--spite of their legitimacy in medicine as indicators
of disease. In fact, there is great disagreement as
to the importance of physiological, biochemical,
immunological, and other such changes in indi-
viduals. Then what is their biological meaning-
fulness? In the long run, one must rely either on
current biomedical scientific judgments or major-
ity agreement among environmental epidemiolo-
gists (18).
Problems in techniques certainly plague all

studies, though not only epidemiological ones.
However, covariates and confounding are very
special problems in epidemiological studies.
Thus, for instance, the Investigative Report (2)
had this to say about epidemiological studies in
general:

"Whether the health measurement is subjective or
objective, the response is often affected by factors
(covariates) associated with the subject studied and
unrelated to pollutant exposure. Whether the indi-
vidual smokes or is subjected to cigarette smoke at
home or work is a corvariate of dominant importance
in pollution studies. Educational attainment may
affect responses to questions about phlegm or pneu-
monia. Occupational, age, sex, race, immunity to
influenza, allergy, access to air-conditioning and
countless other covariates complicate the interpreta-
tion of epidemiologic data. Epidemiologists treat cov-
ariates in two ways. They try to choose study popula-
tions which have similar covariate characteristics so
that health differences between such populations can
be ascribed to pollution effects. Alternatively, they
make mathematical adjustments to nullify the effects
of covariate imbalances. Both strategies have weak-
nesses, and neither works if the investigator is un-
aware of an important covariate or has failed to
measure it."

Some covariables can often be as important as
the major aerometric variables themselves in af-
fecting human health. In addition to other expo-

sures such as smoking and occupational expo-
sures, meteorological variables, such as wind
speed, temperature, sudden temperature
changes, and humidity levels, are very important
as predisposing and precipitating factors, which,
along with air pollutants, might affect health in a
deleterious manner (19-29). Speciation of partic-
ulates and particulate size may be critical as well,
but without adequate exposure data, epidemio-
logical studies may be of little use in studying
such refined issues.

Review of Importance of Major
Covariables
Studies of the acute effects of pollutants often

considered meteorological variables, age, and sex
as important possible covariables. However,
many such studies did not measure other varia-
bles. In chronic studies in adults, smoking and
pollutant levels are examined separately, to de-
termine any additive effects. Also, study groups
that have very similar smoking habits, but differ-
ent pollutant exposures have been compared. In
longitudinal studies, it is necessary to measure
changes in smoking habits, as many longitudinal
changes may be associated with such changes
(30-33). In children, smoking is considered as a
less likely confounding variable.

Social class (SES) may not only affect reports of
health, but may affect the actual health outcomes
themselves. Some investigators have studied only
one sex within a specific occupation group in
order to minimize occupational and social class
differences (20, 34-39). This may not be sufficient
always in that urban/rural differences, economic
differences, or activity differences may have still
affected health. This approach is often considered
to be an acceptable way to control for occupa-
tional and social class differences. However, spe-
cific occupational exposure conditions are almost
never considered in such studies, despite their
frequent importance (40). Some studies have used
education or income to control for socioeconomic
factors, because such variables are highly corre-
lated with related factors, such as smoking, mi-
gration, and various household characteristics
(e.g., the number in a family and crowding).
Exposure to passive smoking and other sources

of indoor pollution may be critical, as the rele-
vance of those exposures may have deleterious
health effects (41). Indoor exposures to NAAQS
pollutants may be less than outdoor levels for
some gases (i.e., SO,, 03) and may be greater than
outdoor levels for some gases (i.e., NON, CO) and
total particulates, as seen in Table 1 and Figure 1.
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Table 1. Summary of indoor and outdoor concentrations of pollutant gases at a suburban home near Hartford,
Connecticut.a

Average concentration, pg/M3
Kitchen Kitchen
over 1 m from Living Indoor:

Sampling Pollutant stove stove room Bedroom Outside outdoor ratio
period gas (1) (1A) (2) (3) (4) 1:4 2:4

Spring-summer, NO2 - 100 61 52 44 1.39
1973 NO - 102 64 65 26 2.46

CO 4490 4070 4170 3480 1.17
Fall-winter, NO2 67 60 55 50 1.34 1.10

1973-1974 NO 136 134 94 63 2.16 1.49
first half CO 4190 3520 3230 1670 2.51 1.93

Fall-winter NO2 110 67 - 49 46 2.39
1973-1974 NO 134 131 102 65 2.06
second half CO 4790 4210 - 3820 2310 2.07
aBased on Cote et al. (42). House specifications: split level, two bedroom, centrally located, well-ventilated kitchen, 2000-ft2 living

area, gas-fire stove and central heating system; occupied by two (smoking) adults and two teen-aged children; home 6 years old at
time of tests. Source: NAS (41).
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FIGURE 1. Indoor and outdoor carbon monoxide (CO) variation at the Baltimore conventional

residence (104).

As seen, indoor values may have greater tempo-
ral peaks, with concomitant effect on health (41).
The fact that 80-90% of an individual's time is
spent indoors would seem to underestimate the
effects of SO2 and 03, especially chronic effects,
and may incorrectly estimate the effects of NON,
CO and particulates. Indoor particulates appear

to be quite different from outdoor particulates,
complicating the issue further. Therefore, though
ambient levels might still show an exposure-ef-
fect relationship, the exposure side of the equa-
tion (ambient concentrations) must be considered
a useful marker or index only and used as such.
Furthermore, occupational epidemiological
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studies may be useful to consider mechanisms of
the effects of various pollutants (12-15). However,
they are not as useful in estimating dose-response
effects, because the working population is gener-
ally more healthy and is self-selected. Further-
more, the mixes of pollutants in industry are
different.
As ethnic group differences are related to physi-

ologic differences, such as in pulmonary function,
it has been easier usually either to exclude all but
one ethnic group/race from a given study or to
analyze results from the ethnic groups separately
(4347).
As previously mentioned, few have studied in-

teractions of the pollutants present, such as oxi-
dants with sulfur oxides in producing observed
health effects. Such differentiation of specific pol-
lutant effects or elucidation of synergistic effects,
by means of epidemiological studies, are difficult.
Only few such studies (25, 26, 4446, 48-51) ap-
pear to have attempted this differentiation; they
have shown significant interactions.
Some studies exist which indicate that possible

confounding variables are not always as impor-
tant as they were thought to be. For example,
follow-up studies on a cohort started by Douglas,
Waller, and colleagues (52) did not confirm ori-
ginal social class differences to be of much signifi-
cance in accounting for health findings later in
life. Furthermore, Manfreda (53) did not find "ur-
ban" characteristics to be relevant in explaining
his results. Other studies have shown that house-
hold/familial factors are not important in all
cases (49-51). Likewise, geographical studies
have shown positive relationships of adverse
health effects with pollutant concentrations de-
spite potential selective migration (38, 44, 46,
54-56). Thus, one should not overemphasize the
relative importance of potential confounding or
covarying factors when these have not been speci-
fically ruled out as alternative explanations for
specific results.

Criteria for Evaluating Studies
and Their Results
As has been stated frequently, no single study

alone, no matter how well-designed or conducted,
completely establishes a "scientific fact." Rather,
excellence in the design and conduct of a given
study, internal consistency, biological plausibility
of results, and their consistency with other
results (such as from animal toxicological and
controlled human exposures studies), and speci-
ficity of results help to heighten confidence in the

likely existence of the relationship obtained.
Even greater certainty is attributed to the proba-
ble existence of such relationships if further inde-
pendent studies, regardless of particular individ-
ual flaws, yield results consistent with such
relationships. Thus, consistency, in the overall
pattern of results indicative of particular rela-
tionships, or the overall "weight of the evidence"
from more than one study, are crucial in estab-
lishing given relationship in determining the de-
gree of certainty ascribed to the (4, 18, 57, 58).
With these observations in mind, some criteria

can be stated by which to evaluate epidemiologi-
cal studies. First, the study design, population
(and size) has to be reasonable, the health mea-
surements reliable, co- and confounding variables
considered, the aerometric data sufficient and
that analysis sufficient. The results should have
internal and external consistency, be biologically
reasonable and some replication if often neces-
sary to insure plausibility. With these criteria,
certain studies can be used as examples to see if
they can provide data for standard setting.

Examples and Illustrative
Concepts
A geographic comparison study by Lambert

and Reid (59) was the first to demonstrate ade-
quately that levels of smoke shade and SO2 were
additive to the effects of smoking on persistent
productive cough and pulmonary function. Their
study involved 10,000 residents ages 36-69, by
area of residence. However, social class was not
controlled. Some have indicated its importance
(1), while others find it less important (52), even
in the same country. Nevertheless, the results are
biologically reasonable. The aerometric data
might be spotty, but estimates are sufficient to
determine ranked differences in areas (60). Thus,
it is worth using this study as relevant for criteria
documentations of exposure-effect.
On the other hand, a similar geographical

study by Winkelstein and Kantor in Buffalo, NY,
women (37) controlled for social class, smoking
and occupation. However, because it used an "un-
acceptable" measurement method for SO2 (sulfa-
tion rate), it was not acceptable to use as part of
standard setting criteria. Nevertheless, even this
method can properly distinguish census tracts of
differing sulfur oxide concentrations and the
study should be relevant for the scientific evalua-
tion of exposure-effect relations along with a par-
allel mortality study (54, 55).
A less persuasive example of a geographical

study is provided by Lave and Seskin (61, 62).
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FIGURE 2. Spring 1964: Common cold incidence and prevalence rates, air pollutatits (particle matter (COH), CO,
S02) and temperature, as daily averages by week (CFIS).

They attempted to obtain the relationship be-
tween the bronchitis mortality and sulfates in
England and Wales and in the U.S. using geo-
graphically derived analyses. Unfortunately, this
method is easily biased by the use of geographical
data and by the lack of important covariables
(e.g., smoking) in the analyses. They also showed
that the pollution variables were so highly corre-
lated with one another that each had a similar
relationship to mortality, and that the variability
of the estimates were too great for good predic-
tions (56). Even the use of this statistical method
for this purpose has been questioned seriously
(63). Temporal analyses of the type performed by
Schimmel et al. (64, 65) have many of the same
problems. Thus, though of some academic inter-
est, these types of studies do not help in standard
settings.
A temporal study of morbidity may be illustra-

ted by an outbreak of acute respiratory illness
(ARI) occurring in a Manhattan study population
(66). It occurred one spring (1964), and was re-
lated to a preceding increase in pollutants and a
decrease in temperature, as shown in Figure 2
(67). Primary and secondary attack rates in fami-
lies were as expected for a bacterial or viral

outbreak and occurred in all ages, sex, SES, and
race subgroups. Indeed, Adenovirus 5 was shown
to be present by increases in paired sera in this
population and similar close-by population (68);
other agents did not have increased prevalence
(68, 69). School absenteeism curves followed this
population's incidence (especially primary attack)
rates. Cigarette smoking did not appear to be a
factor. However, note that subsequent increases
in SO2 and CoH did not produce further increases
in ARIs; Co was down and temperature had gone
up.
One can therefore ask whether every peak in

pollution has to have an ARI response? If the
population is no longer susceptible or there is no
agent in sufficient presence to produce ARIs, then
one might not expect further ARI increases so
soon after such an outbreak. However, temporal
studies of mortality in New York City (21, 27, 28)
indicate that many pollution-weather stimuli do
not have mortality responses and vice-versa. If
there is a consistent response, over time, in more
than one place, then a stimulus-response rela-
tionship may exist (29, 48, 70). The results must
be biologically plausible, internally and exter-
nally consistent. Nevertheless, if the results are

-0I
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too complicated or do not provide separate concen-
trations for each pollutant, they may not be use-
ful in standard setting.
Another question posed by the ARI outbreak

and similar studies of the infectious model is why
animal studies ofthis model require substantially
higher pollutant concentrations to produce simi-
lar events. Lower concentrations can produce cel-
lular effects but total organ or systemic effects are
more difficult to produce in the laboratory. There
are several possible (hypothetical) reasons for the
difference in dosage necessary to promote patho-
genic infection. Laboratory animals are generally
healthy and kept healthy, while humans have
some baseline morbidity and are attacked contin-
uously by biological and environmental insults.
These biological insults are neither attenuated
nor dose-regulated, as are microorganisms used
in laboratory experiments. Furthermore, contact
spread and exposure time are continuous among
humans, but are minimized in the laboratory
setting. The environmental insults to community
populations are complex mixes of pollutants and
of meteorological conditions (multiplex situa-
tions), whereas the exposure is extremely con-
trolled in the laboratory setting.
Do acute morbidity effects lead to chronic ef-

fects? Those with chronic airway obstructive dis-
eases have a history of significantly more fre-
quent and severe ARIs (40) and a significant
history of childhood respiratory problems (71). A
study of acute pulmonary function changes in
healthy children in a smelter town (72) indicated
significant acute reversible changes. A further
study of children in that town, another smelter
town, and a control town (73) indicated that pul-
monary function values were lower overall in the
smelter towns (even despite potential selective
migration). Thus, there are grounds for a possible
relationship between acute and chronic pulmo-
nary function changes. Nevertheless, it is some-
times difficult to separate the acute (peak) expo-
sure effects from the chronic exposure effects (74).

Epidemiologists are asked frequently to assess
effects in sensitive individuals. Cohen et al. (26)
studied attack rates in 20 responsive asthmatics,
derived from all physician-confirmed asthma in
Cumberland, West Virginia. Over a period of 7
months, they showed significant correlations be-
tween reported and confirmed attack rates and
24-hr mean air pollution levels after the effect of
temperature had been removed from the analysis.
Physician visits were used to validate the attacks.
Significant above average increases in attacks
were seen with 24-hr concentrations of the pollu-
tants. Suspended sulfates showed the strongest

relationships, although suspended nitrates SO2,
TSP and soiling index (CoH, Coefficient of Haze)
each individually explained a significant portion
of the residual after the effect of temperature had
been removed and season controlled. This effect in
asthmatics is confirmed by controlled human ex-
posure studies (75). Since this appears to be a
reasonable and biologically plausible attempt at
exposure-effect estimations, it should be used as
criteria for standard setting.
Another attempt at an estimation of an expo-

sure-effect relationship has been made by
Leaderer et al. (76). They combined CHESS
chronic bronchitis studies (Rocky Mountains, Salt
Lake Basin, New York) with similar studies ofthe
Yale Lung Center (Connecticut, South Carolina)
to form a dose-response relationship with sul-
fates, SO2 and TSP. They accounted for sex and
smoking. Using least squares, they found that
every 2.0 gig/m3 of sulfates adds 1.24% to the
chronic bronchitis rates for both sexes. The use of
step functions suggested a level of 5.8 ig/M3 sul-
fates as the point at which chronic bronchitis
starts increasing rapidly. Having developed a
"threshold" equation for estimating excess
chronic bronchitis, they attempted to estimate
total excess cases using sulfate sampling data for
the U.S. along with population estimates for the
U.S. According to their results, approximately
150 million were exposed to annual sulfate con-
centrations above 5.8 jg/M3 (their threshold) in
1972. They then plotted estimates excess cases
against estimated increases or decreases in con-
centrations (Fig. 3). They found that a decrease of
70% from 1972 ambient sulfate concentrations
would "essentially eliminate any excess cases of
chronic bronchitis related to ambient sulfate ex-
posure." A 50% decrease in excess cases would be
produced by a 30% decrease in sulfates. A 50%
increase in concentrations would supposedly lead
to a doubling of the 1972 number of excess cases.
This information is important and appropriate to
issues of criteria for standard setting.

Discussion
Other decisions relevant to the acceptance or

rejection of epidemiological data are based on
criteria not strictly related to scientific merit. For
instance, the Brown Committee (2) reviewed and
essentially rejected the EPA CHESS studies, in
spite of the conclusion that many epidemiological
studies shared similar problems. Its criticism was
often of epidemiological studies in general, yet its
decision to disqualify the relevance of the CHESS
studies was not based on scientific rationale per
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the total U.S. population at risk. Data of Leaderer et al. (76).

Table 2. Children's lung function differences between geographic areas with different SOJ/TSP levels
(studies prior to 1979).

Location Author Reference
Japan Ibyama (77)

Watanabe (78)
Kagawa et al. (79,80)

United Kingdom Holland et al. (81)
Colley and Reid (82)
Lunn et al. (83,84)
Bennett et al. (85)
Irwig et al. (86)

Czeckoslovakia Zaplatel et al. (87)
Canada Anderson and Larsen (1966) (88)
United States Chapman et al. (2 southern cities) (89)

Shy et al. (Cincinnati, New York) (90)
Lebowitz et al. (71)
Mostardi et al. (2 Ohio cities) (43, 91)

Netherlands Biersteker and Van Leeuwen (92,93)
Kerrebijn et al. (94)

European communities Holland (95)
EEC Study (Belgium, France, Germany, Ireland, Italy, U.K.)

Negative
Poland Rudnick (96)
Canada Aubrey et al. (97)
United States Ferris (98)

Bouhuys (99)
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se. After all, it was not a committee of peer
scientists. In fact, the CHESS studies' major prob-
lem was one of exposure assessment, as is true of
most studies. Accurate and precise estimates of
dose are not obtained, but estimates of exposure
can be, and have been, obtained from epidemio-
logical studies (18), including CHESS. In terms of
design and assessment of effect, CHESS studies
represented state-of-the-art techniques. If
CHESS had problems with a few confounding
variables or with follow-up in panel studies, they
were problems common to other studies and
should be addressed with the same scientific crite-
ria. Political criteria may be relevant when ad-
ministrators decide on actual standards, but not
when evaluating scientific merit (18, 75).

It happens sometimes that scientific criteria of
useful data for standard setting becomes too
strict, or scientific committees become overzeal-

ous in rejecting large bodies ofbiologically plausi-
ble and consistent data. For example, Holland et
al. (1), in a review financed by the U.S. Iron and
Steel Institute, found only eight quotable investi-
gators suitable for drawing conclusions about lev-
els at which adverse health effects occur due to
TSP. Even in a restricted set of studies on one
aspect of the relationship, in which there were 23
studies (Table 2), only two were considered useful
by Holland et al. (1). If one considered only those
studies listed in Table 2 that were performed in
the U.S. as appropriate for U.S. standard setting,
there would be none. Fortunately, other studies
have been performed since then, which were con-
sistent with those listed in finding health effects
even after controlling for appropriate confound-
ing variables (73, 91, 100-102).
Examples of the formulation of exposure-effect

relationship derived from data furnished by epi-

TAble 3. Exposure-effect relationships of sulfur dioxide, smoke and total suspended particulates: effects of short-term
exposures.a

Concentrations
(24-hr mean

values), ,ig/m3
'Total

suspended
Sulfur dioxide Smoke particulate Location Effects Reference

>1000 >1000 London, 1952 Vary large increase in mortality (42)
to about 3 times normal, during
5-day fog. Pollution figures
represent means for whole area:
maximum (central site) sulfur
dioxide 3700 jig/M3, smoke
4500 gg/M3

710 750 - London, 1958-59 Increases in daily mortality up to (105, 106)
about 1.25 times expected value

500 500 London, 1958-60 Increases in daily mortality (as (107)
above) and increases in hospital
admissions, becoming evident
when pollution levels shown were
exceeded (magnitude increasing
steadily with pollution)

500 - - New York, 1962-66 Mortality correlated with (27)
pollution: 2% excess at level
shown

500 250 London, 1954-68 Increases in illness score by diary (108)
technique among bronchitic
patients seen above pollution
levels shown (means for whole
area)

300 140 - Vlaardingen, Netherlands, 1969-72 Temporary decrease in ventilatory (109)
function

200b 150c Cumberland, WV, USA Increased asthma attack rate (26)
among small group of patients,
when pollution levels shown were
exceeded

aOther measurements by Organization for Economic Cooperation and Development or British daily smoke/sulfur dioxide
methods (Ministry of Technology, UK, 1966; Organization for Economic Cooperation and Development, 1965) (110, 111).
bWest-Gaeke method.
cHigh volume sampling method.
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demiological studies are illustrated by the assess-
ments of the National Research Council (NRC/
NAS) and the World Health Organization (WHO)
(6-9, 12-15, 18, 103) (Tables 3-5). It is important
to note that the formulations, and the concentra-
tions from the same studies, can differ in such
attempts, dependent on the specific committee
performing this task, when the formulation was

made, and for whom. Those assessments by WHO
and NRC/NAS reflected scientific differences of
opinions in the evaluation of animal toxicological
and controlled human exposure experiments as
well, and because of the differences in setting
again. Nevertheless, the NRC/NAS and WHO
committees were in substantial accord. It appears
to indicate that sufficient scientific agreement

Table 4. Exposure-effect relationships of sulfur dioxide, smoke and total suspended particulates: effects of long-term
exposures.a

Concentrations
(annual means of 24-hr
mean values), pg/m3

Tbtal
suspended

Sulfur dioxide Smoke particulate Location Effects Reference
200 200 Sheffield, England Increased respiratory illnesses in (83)

children
180b Berlin, NH, USA Increased respiratory symptoms, (31)

decreased respiratory function in
adults

150 England and Wales Increased respiratory symptoms (113)
in children

125 170 Cracow, Poland Increased respiratory symptoms (114)
in adults

140c 140c Great Britain Increased lower respiratory tract (60)
illnesses in children

60-140d 100-200e Ibkyo Increased respiratory symptoms (115)
in adults

aOther measurements by Organization for Economic Cooperation and Development or British daily smoke/sulfur dioxide
methods (Ministry of Technology, UK, 1966; Organization for Economic Cooperation and Development, 1965) (110, 111).
bHigh volume sampler (2-month mean, possible underestimation of annual mean).
cEstimates based on observations after end of study; probable underestimations of exposures in early years of study.
dAutomatic conductimetric method.
eLight scattering method, results not directly comparable with others.

Table 5. Health effects and dose/response relationships for particulates and sulfur dioxide.

Averaging time
for pollution Particles, SO2,
measurements Location mg/m3 mg/m3 Effect Reference

24 hr London 2.00 1.04 Mortality (116,117)
0.75 0.71 Mortality (106)
0.50 0.40b Exacerbation of bronchitis (118)

New York City 5 COHSa,b 0.50 Mortality (119)
3 COHS 0.70 Morbidity (120)

Chicago Not stated 0.70 Exacerbations of bronchitis (121)
New York City 0.145( +?) 0.286 Increased prevalence of respiratory symptoms (44,45)
Birmingham 0.18-0.22 0.026 Increased prevalence of respiratory symptoms (51)
New York City 2.5 COHS 0.52 Mortality (122)

Weekly mean London 0.20 0.40 Increased prevalence or incidence of respiratory (123)
illnesses

6 Winter months Britain >0.lOb >0.Ojb Bronchitis sickness absence from work (34)
Annual Britain 0.07 0.09 Lower respiratory infection in children (124)

0.10 0.10 Bronchitis prevalence (124)
0.10 0.12 Respiratory symptoms and lung function in (83,84)

children
Buffalo 0.08 0.045b,c Mortality (53,54)
Berlin 0.18 0.73c Decreased lung function (31)

aCoefficient of Haze Units.
bAs corrected from text.
cmg S03/cm2/30 days.
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does exist, that data from epidemiological studies
are sufficient to provide the basis on which stan-
dards can be based.

Conclusions
Epidemiological studies are sufficiently diffi-

cult to perform adequately, so there has been the
reflected difficulty in determining which are ade-
quate and which data can be used in providing a
scientific base for standard setting procedures.
Good estimates of exposure in population studies
have been the most troublesome aspect. Measures
of health effects have been somewhat trouble-
some, but studies are more often rejected for in-
adequate attention to covariables and confound-
ing variables. There has been disagreement and
contradictory results concerning these variables,
as demonstrated in various examples. Conceptual
aspects of these problems continue to require fur-
ther clarification. It is quite apparent that differ-
ent groups of scientists may come to different
conclusions dependent on the time, and especially
on the circumstance, in which conclusions are
drawn. Nevertheless, expert committees of both
the National Research Council/National Aca-
demy of Sciences and the World Health Organiza-
tion, neither one committed to telling the U.S.
government what standards should be set, have
been able to use epidemiological data to recom-
mend levels at which adverse effects on health are
likely to occur. Other individuals and groups have
been able to provide such estimates as well, such
as the American Thoracic Society (11). Thus, sci-
entific agreement is possible and epidemiological
data are useful. This is important as standards
are set for human populations. The final decision
concerning standards, and only the final decision,
should and will involve policy decision incorpo-
rating social and political factors.
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